was recorded over 180" using a hemicylindrical screen of photosensitive paper (Kodak Panalure) with the capillary at the centre.
below the critical angle (30a to 90" in Fig. 3 ). As expected, TE reflectivity is greater in this region. The fringes (-30" to 30" in Fig. 3 ) result from the interference of rays that travel different optical paths through the capillary, but emerge at the same angle 141. Fig. 3 show the response of a water-filled capillary which has been internally coated with Au. The illumination was adjusted to strike only the region above the critical angle, and so no fringes are seen. The TE response (Fig. 3(G) ) is uniform, while the TM response ( Fig. 3(iv) ) shows the dip characteristic of SPR. Fig. 3(v) shows the TM response when the capillary is filled with ethanol (n = 1.36 compared to n = 1.33 for water); as expected, the dip moves to a lower angle on the screen (corresponding to a higher angle on the internal surface of the capillary). In this Letter we demonstrate a novel spectrometer that performs spectral measurement in the time domain. It uses a chuped supercontinuum pulse to map the spectral data into temporal waveforms which are then measured using an oscilloscope. Timedomain spectral measurement eliminates the need for an optical spectrometer [3] . The schematic diagram of the setup is shown in Fig. 1 . Nearly-transform-limited pulses from the supercontinuum source are fdtered to select the desired wavelength range and are dispersed through a long length of singlemode fibre. Different spectral components are separated as they travel through the fibre providing the wavelength-to-time mapping. Linearly chuped pulses are then passed through an acetylene gas cell. After photodetection, the output is recorded with either a sampling oscilloscope or an analogue-todigital converter (ADC) depending on the temporal bandwidth of the resulting signal. The temporal bandwidth determines the spectral resolution of the system. 
Fig. 2 Experimental setup for time-domain spectrum characterisation
The experimental setup is shown in Fig. 2 . A passively modelocked erbium doped fibre laser with a pulse compression stage was used as the superconhuum source. The source generates pulses with a 60nm bandwidth at a 40MHz repetition rate. A thin film bandpass filter centred at 1522nm with a full-width-at-halfmaximum (FWHM) of lOnm was used to select a desired portion of the laser spectrum. The peak intensity for the signal as well as the reference was obtained at 1529nm due to the shape of the laser spectrum. The autocorrelation trace of the filtered laser output showed an FWHM pulsewidth of 0 . 5~s and had a bandwidth of lOnm resulting in a time-bandwidth product of 0.64. The output after the bandpass fdter was amplified by -6dB in a low-dispersion erbium doped fiber amplifier (EDFA) and launched into 20.56km normal singlemode fibre . This fibre has a dispersion coefficient of 1 7 p s h n m . Since the initial pulsewidth of 0.5ps is negligible compared to the pulsewidth after dispersion (-3Sns), the pulse entering the gas cell can be assumed to be linearly chirped, in spite of the fact that the initial pulse was not exactly transform-limited. Acetylene has absorption peaks in the range 1515-154Onm. After passing through the gas cell, the signal was detected using a 60GHz photodiode and 40GHz sampling oscilloscope. A reference signal was obtained by replacing the acetylene cell with a singlemode fibre, which had the same length as the pigtail fibres of the absorption cell. The reference signal was used for normalisation. For comparison, direct spectrum measurements were performed with an HP70950B optical spectrum analyser (OSA). The resulting normalised time domain signal is shown in Fig. 3 along with the normalised spectrum measured using the OSA. The OSA was set to its highest resolution bandwidth of -0.08nm. Absorption peaks are distinctly visible in the spectrum obtained by the OSA. The same resonances are also clearly visible in the temporal waveform measured by the oscilloscope. The resolution of the time domain data is comparable to the highest resolution of the OSA, i.e. 0.08nm. The peaks associated with each rising edge in the time-domain signal are due to ringing in the electrical circuitry and can be eliminated by impedance matching.
After dispersion through length L of fibre, a spectral separation (a) will appear as a temporal separation (AT) given by dD dA
where D is the dispersion coefficient of the separation. Here we have neglected third and higher-order terms. Fig. 4 shows the value of D at different wavelengths.
From this plot, we obtain a value for the second order dispersion, dDldh of 0.075ps/k&nm2. The extracted values for both D and dD/& are in good agreement with the published results for SMF-28 [4] . Hence it can be inferred that the time-to-wavelength mapping can be accurately described by first and second-order dispersion of the fibre. The pulsed nature of the technique allows single shot detection, which can be important in real time spectral analysis [5] . In principle, the dispersion can also be performed after the gas cell in Fig. 1 . In this case, the peak power entering the cell would be extremely high causing undesired nonlinear interaction between the optical signal and the gas.
In summary we have demonstrated a simple yet effective optical spectrometer. It uses chirped supercontinuum pulses as a broadband source and a sampling oscilloscope or A/D converter for spectral analysis. Distinct advantages for this system include the absence of an optical spectrometer, the broad spectral bandwidth available from the supercontinuum source, and the possibility of real time spectral analysis.
